CHOICE OF REFERENCE STATES
Cation-exchanged zeolites are typically synthesized by aqueous phase cation exchange with a Na-or a H-form of the parent material. 7 In this situation, the transition metal salt (say acetate, nitrate etc.) is used as the TM source, and metal oxide phases are not typically formed. Thus, we use the 'bare' cation exchanged form of the zeolite as a reference, rather than the TM oxide. 8, 19 This allows us to compare the 'stability' of a given motif for different cations, which is not possible if oxides were used as a reference (
Based on the above equations, the following sets of motifs can be compared directly (if the Al positions are also the same). detailed studies focusing on a single TM cations. As the focus of this work is to rationalize overall trends, we chose to not include the 'bare' cation reference for the more complex motifs.
The equations #7 and #8 calculate the 'binding energy' of the active oxygen, which can be compared across different cations. This, in essence, is similar to the motivation of equations #1 -#6, which are just the 'binding energies' of various active oxygen species.
We highlight that while the choice of the reference state for different motifs is somewhat arbitrary, the general conclusion that stability and activity are inversely correlated seems to hold over all the motifs and materials considered here.
[ 
CALCULATION OF THEORETICAL CAPACITY
Consider a CHA zeolite with Si/Al = 11 and Cu/Al = 1, with the [Cu-OH] + as the active species. In this hypothetical example 100% of the Cu atoms exist at the active site.
However, we have previously shown that this number is ~ 5 -12% in a real CHA. 22 However, for the purposes of calculating the theoretical capacity, let us consider that only The equation G = E DFT + ZPE + (C p dT -TdS) is used calculating the free energies.
The systems for which the corrections were not evaluated are denoted by n/a, and significant differences are not expected. Co n/a n/a n/a n/a Ni n/a n/a 0.92 n/a Cu n/a n/a n/a n/a
MOR [M-O] + /12MR
Total Contributions, G -E DFT (in eV) Fe n/a n/a n/a n/a Co n/a 0.85 n/a n/a Ni 0.40 n/a n/a n/a Cu 0.37 0.99 n/a n/a Fe n/a n/a n/a n/a Co 0.22 n/a n/a n/a Ni 0.30 0.61 n/a n/a Cu 0.26 0.61 n/a n/a Fe n/a n/a n/a n/a Co n/a n/a n/a n/a Ni 0.26 0.67 n/a n/a Cu 0.30 0.63 n/a n/a 
